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LITERATURE  REVIEW 

Tilia  species  are  excellent  street  and  shade  trees  (5,3,9.13).  Lindens 
are  adapted  to  a  wide  range  of  climates  and  soils.    They  are  often  selected 
because  of  their  foliage  density  and  color,  good  "branch  and  crotch  develop- 
ment, disease  and  insect  resistance,  overall  growth  rate,  and  their  attrac- 
tive, fragrant  flowers. 

Nearly  every  method  has  been  attempted  for  propagating  Tilia.    Yet  to 
date  no  reliable  method  has  been  found.    Each  has  several  drawbacks. 

Propagation  by  seed  is  a  complex,  unreliable  process  (9) •    3eeds  of 
T.  americana  have  a  tough  pericarp  which  surrounds  an  impermeable  seed 
coat  and  a  dormant  embryo  (12).    Thus  the  seeds  germinate  very  slowly  and 
irregularly.    The  pericarp  must  be  removed  either  mechanically  or  by 
soaking  in  nitric  acid  for  nearly  two  hours  followed  by  a  thorough  rins- 
ing and  drying.    Seeds  must  then  be  soaked  in  concentrated  sulfuric  acid 
for  15  min  to  etch  the  seed  coat.    Stratification  is  also  required,  for 
four  months  at  35°  F  (2°C).    If  this  does  not  work,  it  may  be  necessary  to 
use  warm  stratification  (60°  to  80°?)  (16°  to  2?°C)  for  five  months,  fol- 
lowed by  five  months  at  35°  (2°C)  to  ^0°F  (4°C) .    An  alternative  method  is 
to  collect  seeds  from  the  tree  when  seed  coats  are  brown,  but  before  they 
drop,  followed  by  immediate  planting  (12) .    Even  after  complex  seed  treat- 
ments, Tilia  seed  often  do  not  germinate.    Average  germination  for  treated 
T.  americana  seed  is  Jl  per  cent,  compared  to  33  per  cent  for  treated 
T.  cordata  seed  (5).    The  irregular  germination  usually  results  in  seedlings 
of  treated  seeds  emerging  slowly  over  a  2  or  3  year  period  (5).    Also  much 
seedling  variation  occurs  when  propagating  by  seed  (12). 
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Air-layering  is  an  impractical  method  of  propagation  of  Ulla.  An 
apparent  problem  with  any  type  of  layering  is  the  limited  number  of  new 
plants  that  can  be  reproduced  each  year  from  each  stock  plant.    Blake  and 
Pauley  (k-)  had  problems  with  air-layering  of  T.  americana.    Roots  which 
were  produced  were  very  brittle. 

Grafting  of  Tilia,  is  usually  discouraged,  since  grafted  plants  are 
often  stunted  or  show  indifferent  growth.    An  unsightly  swelling  also  occurs 
in  mature  specimens  of  grafted  plants  (16). 

Budding  of  Tilia  suffers  from  poor  bud  take  (17) .    Budding  and  graft- 
ing also  have  other  disadvantages,  including  the  Increasing  shortage  of 
skilled  labor,  up  to  5  years  to  produce  a  saleable  product,  and  certain 
disease  problems. 

Rooting  Tilia  species  from  hardwood  cuttings  has  been  achieved  with 
variable  success  (l).    Ashby  (2;  reported  no  rooting  on  hardwood  cuttings 
made  in  November  from  T.  americana  seedlings,  although  cuttings  appeared  viable 
for  several  months .    Dormant  hardwood  cuttings  taken  from  a  4— year-old  T. 
americana  on  December  2k-  failed  to  root,  although  seme  shoot  growth  was 
observed  (3).    Some  hardwood  cuttings  of  T.  euchlora  and  T.  ^etiolaris  DC. 
have  rooted,  but  no  rooting  percentages  were  reported  (17; .    These  cuttings 
were  taken  in  February  and  March  and  given  a  5-second  dip  of  250C  and  50C0 
ppm  I3A. 

Research  with  softwood  cuttings  has  shown  more  success.  Peterson, 
et.  ai.  (15)  obtained  22  to  k-7  per  cent  rooting  on  7.  ameri cana  cuttings 
taken  in  June  and  July  from  stump  sprouts.    I! or sink  and  Smith  (l4)  have 
achieved  6($  rooting  of  softwood  T.  americana  cuttings  taken  from  June  to 
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September  and  dipped  in  5,000  and  10,000  ppm  IBA.    Cuttings  were  from  sap- 
lings 6-12  years  of  age.    T.  platyr-hyllos  Scop,  has  been  rooted  from  July- 
cuttings  using  a  mixture  of  IBA  and  NAA.    Rooting  took  58  days  (13). 

At  the  Arnold  Arboretum  (10) ,  March  11  cuttings  of  T.  americar.a  were 
treated  with  Hormodin  Wo.  3  after  wounding.    Ten  of  2?  cuttings  rooted. 
Also,  2  out  of  2  T,  a.  macronhylla  Rehd.  cuttings  rooted  from  July  28  to 
October  21  after  treatment  with  Hormodin  Rooting  Compound.    Mo  research 
has  been  done  at  the  Arnold  Arboretum  on  T.  cordata,  T.  euchlora,  or  T.  e. 
'Redmond'  propagation  by  cuttings. 

Indole-3-butyric  acid  has  been  shown  to  be  more  effective  than  IAA 
or  NAA  for  rooting  cuttings  of  T.  americana  (lM .    Significant  increases 
in  root  growth  occurred  only  with  IBA  treatments.    Buds  and  shoots  did  not 
develop  with  "AA  treatment.    Only  IBA- treated  cuttings  overwintered  well 
with  few  losses,  whereas  cuttings  treated  with  IAA  or  "AA  failed  to  set 
buds  and  did  not  overwinter  well . 

Shoot  growth  of  T.  americana  is  usually  limited  to  a  few  weeks  in  the 
spring  (3).    Rooting  response  is  related  to  maturity  and  hardening  of  the 
stem  wood.    Apparently,  rooting  ability  is  highly  dependent  cn  cutting 
date  with  late  spring  or  early  summer  being  best.    Rooting  response  also 
varies  with  different  clones  (15).    Ashby  and  Cummins  (3)  have  related  the 
formation  of  roots  on  leafy  cuttings  and  not  on  leafless  ones  to  a  rooting 
stimulus  from  the  leaves. 

The  most  favorable  time  to  take  most  softwood  cuttings  is  when  the  base 
of  the  current  season's  growth  has  begun  to  ripen,  since  this  denotes  a 
favorable  carbohydrate-nitrogen  relation.    A  high  carbohydrate  content 
plus  a  reasonable  amount  of  nitrogenous  compounds  in  the  tissues  is  the 


"best  for  high  quality  root  and  shoot  production  on  cuttings.    There  is 
usually  decreased  rooting  ability  if  flower  "buds  are  present  on  the  cuttings 
(7). 

Members  of  the  Tiliaceae  family  contain  a  tough,  inner  bark  (6)  and 
are  high  in  fibers.    Plants  containing  abundant  fibers  in  the  wood  seldom 
respond  from  cuttings,  as  in  the  case  of  Fa^s  (ll) . 

Morsinfc  and  Smith  have  shown  that  root  growth  is  greater  if  larger 
cuttings  are  used    (l4) .    This  is  probably  related  to  larger  reserves  of 
carbohydrates,  and  larger  leaves  present  would  mean  a  larger  photosynthetic 
area. 
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Effect  of  13 A  and  Gutting  Dates 

1 

on  the  Rooting  of  k  Tilia  Species. 


M.  D .  Klahr  and  5.  K.  Still2 


Department  of  Horticulture 
Kansas  State  University ,  Manhattan,  Kansas  &  = 


Additional  index  words:  T.  aneric-na,  T.  cordata , 
T.  euchlora,  T.  euchlora  'Redmond'. 


Abstract .    Softwood  and  semi -hardwood  cuttings  of  L  Tilia  species  were  taken 
at  different  dates  and  treated  with  high  levels  of  IBA.    Rooting  varied 
according  to  species  and  cutting  dates.    Greatest  number  of  roots  on  Tilia 
ar.ericar.a  L.  occurred  on  cuttings  taken  Hay  19  and  June  1.    Cuttings  of  Tilia 
cordata  Hill,  shoved  no  significant  difference  in  rootability  when  taken 
May  19,  June  22  or  July  13,  although  rooting  was  significantly  less  on 
August  3  cuttings.    Tilia  euchlora  Koch  cuttings  did  not  root;  Tilia  eu- 
chlora Koch  'Redmond'  cuttings  taken  Kay  19  or  June  22  rooted  100  per  cent. 
A  5-sec  basal  dip  of  IRA  significantly  stimulated  rooting,  especially  in 
the  range  of  20,000  to  35.000  ppm. 


Received  for  publication 

Contribution  ITo .  ,  Department  of  Horticulture,  Agricultural 

Sxperiment  Station,  Kansas  State  University,  Manhattan,  KG  66506 

> 

'Graduate  Student  and  Research  Horticulturist,  Ornamentals. 


10 


The  landscape  qualities  of  the  various  species  and  cultivars  of  Tilia 
have  been  described  by  many  plantsmen  (2,^5,13).    In  a  recent  urban  tree 
evaluation  O) ,  several  cultivars  of  T.  cordata  received  excellent  ratings 
for  foliage  density  and  color,  branch  and  crotch  development,  disease 
and  insect  resistance,  and  overall  growth  rate.    7or  these  reasons,  Tilia 
are  quite  popular  with  the  gardening  public.    However,  the  propagation 
techniques  of  Tilia  are  varied  and  often  troublesome  which  makes  nursery 
production  difficult  (1,2,5,7,10,12). 

Several  methods  of  propagation  have  been  attempted  with  Tilia.  Seed 
propagation  is  complex  and  unreliable  (5).    Average  germination  for  T. 
americana  is  and  for  T.  cordata,  3#  (2).    EJven  with  successful  germ- 

ination, undesirable  seedling  variation  can  occur  (?).    Tilia  propagation 
by  layering  is  limited  to  the  low  number  of  plants  that  can  be  reproduced 
each  year  from  a  single  stock  plant.    Budding  and  grafting  remain  the  most 
common  methods  of  propagation.    However,  they  are  not  without  disadvantages 
which  include  the  need  for  skilled  propagators  (12). 

Attempts  in  rooting  Tilia  species  from  hardwood  cuttings  have  been 
only  mildly  successful  (1,10,12).    There  are  a  few  reported  attempts  to 
propagate  Tilia  from  softwood  or  semi -hardwood  cuttings.    However,  this 
research  has  been  with  American  Linden  and  not  the  more  popular  cultivars 
of  Crimean  or  Littleleaf  Linden.    Peterson  et  al.  (10)  reported  22  to 
V?%  rooting  on  T.  americana  cuttings  taken  in  June  and  July  from  stump 
sprouts.    Sixty  percent  rooting  of  the  same  species  -was  achieved  when 
cuttings  taken  from  6-12  year  old  trees  were  treated  with  5,000  to  10,000 
ppm  IBA.    Nearly  all  previous  research  used  cuttings  obtained  from  pol- 
larded or  juvenile  trees  (9,10).    Since  little  information  is  available 
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on  cutting  propagation  of  Tilia  from  mature  trees,  an  experiment  was 
designed  to  study  the  possibility  of  rooting  cuttings  taken  from  mature 
trees  of  k  different  Tilia  species.    Additional  factors  included  in  the 
experiment  were  the  effects  on  rooting  of  cutting  dates  and  high  levels 
of  IEA . 

Cuttings  were  taken  from  mature  trees  (15  to  20  m  tall)  of  k  Tilia 
species.    The  species  were  T.  americana  (American),  T.  cordata  (Little- 
leaf),  T.  euchlora  (Crimean),  and  T.  euchlora  'Redmond'.    In  107°.,  cut- 
tings 15~25  cm  in  length  were  taken  from  terminal  growth.    Cutting  dates 
for  T.  americana  were  May  19,  June  1,  June  22,  and  July  13 .  Cutting 
dates  for  the  other  three  species  were  May  19,  June  22,  July  13,  an? 
August  3- 

Cuttings  were  treated  with  0,  10,000,  20,000,  25,000,  30,000,  or 
35,000  ppm  EBA  'dissolved  in  50^  >siter  and  50^  ethyl  alcohol  (95~0.  ■ 
Cuttings  were  dipped  in  the  treatment  solution  for  5  sec  and  then  stuck 
in  a  7:3  perlite-peat  medium.    A  randomized,  split-split  plot  statis- 
tical design  was  used.    Intermittent  mist  was  applied  for  6  sec  every 
3  min.    Evaluations  of  rooting  were  made  after  30  days.    Per  cent  rooting, 
quality  rank,  and  overall -rooti rig-value  were  the  average  of  3  replica- 
tions, each  replication  beir.g  the  average  of  7  cuttings.    Per  cent  root- 
ing was  a  measurement  of  the  r'  of  cuttings  that  initiated  roots  while 
quality  rank  was  based  on  the  number  of  roots  per  cutting,  as  described 
by  Swanson  (ll).    Overall  rooting  value  is  the  average  product  of  3 
replications'       Pooting  x  Quality  Pank" . 

For  T.  americana,  there  was  no  difference  among  the  cutting  dates 
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on  5$  rooting  (Table  l).    Cuttings  taken  on  June  22  had  the  highest  aver- 
age of  75£  rooting.    The  quality  rank  of  6.2  for  cuttings  taken  May  19 
and  5.4  for  cuttings  taken  June  1  were  better  than  the  quality  rank  of 
cuttings  taken  later  in  the  season.    The  overa.ll  rooting  value  of  515 
for  :'.ay  19  cuttings  was  better  than  that  for  June  22  or  July  13  cuttings, 
but  it  was  not  better  than  the  4?0  value  for  June  1. 

Data  of  T.  americana  In  Table  1  show  that  for  %  rooting,  quality 
rank  and  overall  rooting  value,  all  E3A  treatments  are  generally  better 
than  the  control  but  do  not  differ  among  themselves. 

Data  In  Table  1  indicate  that  the  number  of  roots  (quality  rank) 
and  the  overall  rooting  value  of  T.  americana  cuttings  taken  June  1, 
June  22  and  July  13  increase  as  IBA  concentration  increases,  except 
that  it  may  decrease  for  June  1  and  June  22  at  the  highest  IBA  con- 
centration. 

Per  cent  rooting,  quality  rank,  and  overall  rooting  value  of  T. 
cordata  cuttings  (Table  2)  were  higher  for  cuttings  taken  Hay  19,  June 
22  and  July  13  than  those  taken  Aug.  3-    IBA  did  not  affect  per  cent 
rooting. 

IE A  treatment  had  no  effect  on  per  cent  rooting  of  T.  cordata, 
but  ISA  benefited  quality  rank.    For  example,  for  cuttings  taken  I!ay 
19,  0  IBA  treated  cuttings  had  81^  rooting  but  the  quality  rank  was 
only  1.3  (1-5  roots/cutting);  cuttings  treated  with  10,000  ppm  IDA 
had  61,1  rooting,  but  the  quality  rank  was  7.3.    The  overall  rooting 
value  for  the  0  ppm  IBA  treatment  was  105  compared  to  U6?  for  the 
cuttings  treated  with  10,000  ppm  IBA.    This  comparison  indicates  the 
importance  of  looking  at  more  than  one  measurement  of  rooting. 
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The  highest  %  rooting  among  the  different  species  occurred  with 
T.  e,  'Redmond*  (Table  3) •    Except  for  the  Aug.  3  sample  date,  average 
rooting  was  above  88$  with  rooting  exceptionally  good  on  cuttings  taken 
May  1Q,  because  of  the  I3A  treatments.    One-hundred  %  rooting  was 
achieved  for  at  least  one  13 A  treatment  on  Kay  V),  June  22  and  Aug.  3 
cuttings  and  95r'  on  July  13  material.    For  0  ppm  I3A  treatments,  the 
May  19  and  Aug.  3  cuttings  rooted  poorly,  but  June  22  and  July  13  cut- 
tings had  a  high  %  rooting.    Cuttings  taken  May  19,  Juen  22,  and  July 
13  had  quality  ranks  of  6.2  to  7.8.    Overall  rooting  values  above  700 
were  obtained  for  cuttings  of  May  19  and  June  22.    After  May  19,  the 
overall  rooting  values  dropped  progressively  with  time.    All  IBA  treat- 
ments were  generally  better  than  the  control  on  May  19.    They  were  no 
better  than  the  control  for  June  22  or  July  13  cuttings.    By  Aug.  3, 
higher  IBA  concentrations  more  effectively  stimulated  rooting,  and  100fS 
rooting  occurred  at  35 > 000  ppm. 

In  considering  the  effect  of  IBA  treatments  on  the  overall  rooting 
value  of  T.  e.  'Redmond'  (Table  3),  one  should  note  that  all  I3A  treat- 
ments on  May  19  cuttings  resulted  in  values  over  730.    The  highest  over- 
all value  was  731  (out  of  800  maximum  possible).    This  occurred  at 
30,000  ppm  IBA. 

The  treatment  averages  of  T.  americana  (Table  l)  and  T.  euchlora 
•Redmond'  (Table  3)  indicate  that,  for  overall  rooting  value,  the  four 
higher  IBA  treatments  are  significantly  better  than  0  or  10,000  ppm 
IBA.    The  treatment  averages  of  T.  cordata  (Table  2)  show  that  all 
IBA  treatments  are  significantly  better  than  the  control  for  overall 
rooting  value,  but  there  is  no  difference  among  treatments. 
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Cuttings  of  T.  euchlora  had  almost  no  rooting  at  any  sample  date. 
The  best  rooting  occurred  at  0  ppm  and  low  ppm  IB A  concentrations. 
Highest  %  rooting  occurred  on  June  cuttings  treated  with  0  or  10,000 
ppm  IBA,  29  and  2k%  respectfully.    No  rooting  occurred  on  Aug.  3  cutting 
at  any  treatment.    Quality  ranks  averaged  2  or  lower. 

The  overall  rooting  value  of  cuttings  from  American  (T.  americana; 
and  Redmond  Linden  (T..e.   'Redmond'}  was  higher  than  Crimean  (T.  eu- 
chlora) or  Littieleaf  (T.  cordata) .    Morsink  and  3mith  (9),  in  work 
with  leafy  T.  americana  softwood  cuttings,  have  shown  that  root  growth 
is  greater  if  larger  cuttings  are  used.    Although  all  cuttings  in  this 
experiment  were  approximately  the  same  length,  Redmond  and  American 
Linden  are  by  nature  of  a  greater  stem  diameter  and  have  larger  leaves. 
Greater  stem  thickness  should  be  related  to  larger  reserves  of  carbo- 
hydrates; the  larger  leaves  would  represent  a  larger  photosynthetic 
area  (?).    Thus,  one  might  expect  American  and  Redmond  Linden  to  root 
more  readily  than  the  smaller  leafed  and  stemmed  Crimean  and  Little- 
leaf  Linden.    And  indeed,  this  is  the  case  if  one  looks  at  the  total 
rooting  response  and  the  average  trt.  avg.  of  the  different  soecies. 

There  are  2  possible  other  reasons  for  poor  rooting  of  T.  euchlora 
cuttings.    Hanger  (6)  has  reported  that  cuttings  from  plants  containing 
abundant  fibers  in  the  wood  seldom  root,  as  in  the  case  of  Tagus. 
Crimean  Linden  may  be  higher  in  fibers  within  the  inner  bark  (near  the 
region  of  root  initiation).    It  is  known  that  members  of  the  Tiliaceae 
family  do  contain  tough,  inner  bark  (3)  and  are  high  in  fibers.    A  sec- 
ond and  perhaps  more  probable  reason  is  that  Crimean  Linden  lacks  a 
rooting  cof actor  or  organic  substance  necessary  for  rooting.    Hess  (8; 
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has  suggested  that  the  failure  of  cuttings  to  respond  to  synthetic 
auxins  when  an  ample  supply  of  nutritive  substances  are  available  nay 
"be  due  to  a  shortage  of  one  or  more  of  the  rooting  cof actors.  Redmond, 
listed  as  a  cultivar  of  T.  euchlora,  is  supposedly  a  cross  between 
Crimean  and  American  Linden  (5)  and  it  appears  that  the  ability  of  Red- 
mond cuttings  to  root  so  easily  is  a  function  of  the  American  linden 
parentage  and  not  Crimean  Linden. 

As  can  be  observed  from  ?ig.  1,  the  four  higher  IBA  treatments 
were  significantly  better  than  0  or  10,C00  ppm  IRA  for  %  rooting  and 
overall  rooting  value  of  T.  americana .    It  is  possible  that  as  the  tis- 
sue matured,  a  greater  concentration  of  auxin  (IRA)  was  necessary  to 
promote  root  initiation.    Rooting  of  T.  cordata,  T.  euchlora,  and  T.  e. 
'Redmond'  tended  to  decrease  during  August  treatments. 

The  time  of  rooting  (30  days)  in  this  experiment  was  considerably 
faster  than  that  reported  by  Peterson,  et  al  (l0)0    In  their  experiment 
T.  ameri car.a  cuttings  required  91  days  in  the  propagation  bench  for 
successful  rooting.    This  longer  period  was  probably  due  to  the  use  of 
"Rootone"  powder  instead  of  higher  IRA  concentrations.    The  3n_day 
period  of  rooting  achieved  with  high  IRA  concentrations  here  means  less 
tie-up  of  bench  space  for  the  nursery  propagator. 

Of  special  significance  in  this  experiment  was  the  exceptionally 
high  rooting  percentage  compared  to  those  obtained  by  other  research- 
ers.   Tor  example,  Redmond  Linden  cuttings  taken  May  19  (Table  3) i  had 
100$  rooting  at  all  IRA  treatments.    Among  June  22  cuttings,  10,000 
20,000  and  35,000  ppm  IRA  each  yielded  100ft  rooting.    Other  researchers 
have  not  obtained  such  high  rooting  values.    Even  with  supposedly 
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easier-to-root  stump  sprout  cuttings,  Peterson,  et.  al .  reported  only 
22-47^  rooting  (lO).    Softwood  cuttings  from  young  seedlings  have  yield- 
ed 6(#  rooting  (9) . 

This  experiment  indicates  that  softwood  and  semi -hardwood  cuttings 
taken  from  mature  Tilia  trees  can  "be  induced  to  initiate  roots  with 
high  applications  of  IBA.    We  have  shown  the  optimum  cutting  date  and 
IBA  concentration  vary  with  species.    The  data  indicate  that  overall 
root  quality  of  cuttings  of  these  3  species  was  best  when  cuttings  were 
taken  in  Hay  to  mid-June.    Cuttings  taken  at  later  dates  required  higher 
IBA  treatments  for  comparable  results.    Our  results  indicate  that  propa- 
gation of  T.  euchlora  should  not  "be  attempted  by  softwood  or  semi -hard- 
wood cuttings. 
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Softwood  and  send -hardwood  cuttings  of  k  Tilia  species  were  taken 
at  different  dates  and  treated  with  high  levels  of  I3A .    Rooting  varied 
according  to  species  and  cutting  dates.    Greatest  number  of  roots  on  Tilia 
anericar.a  L.  occurred  on  cuttings  taken  Kay  19  and  June  1.    Cuttings  of  Tilia 
cordata  Kill,  showed  no  significant  difference  in  rootability  when  taken 
May  19,  June  22  or  July  13,  although  rooting  was  significantly  less  on 
August  3  cuttings.    Tilia  euchlora  Koch  cuttings  did  not  root;  Tilia  eu- 
chlora  Koch  'Redmond'  cuttings  taken  Kay  19  or  June  22  rooted  100  per  cent. 
A  5-sec  basal  dip  of  IEA  significantly  stimulated  rooting,  especially  in 
the  range  of  20,000  to  35.000  ppm. 


